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FRPSDUDEOHVHTXHQFHV
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$SURFHGXUHIRUWKHJUH\UHODWLRQDODQDO\VLVFRQVLVWVRIWKHIROORZLQJVWHSV
x ,GHQWLI\WKHSHUIRUPDQFH FKDUDFWHULVWLFVDQGFXWWLQJSDUDPHWHUVWREHHYDOXDWHG
x 'HWHUPLQHWKHQXPEHURIOHYHOVIRUWKHSURFHVVSDUDPHWHUV
x 6HOHFWWKHDSSURSULDWHRUWKRJRQDODUUD\DQGDVVLJQWKHFXWWLQJSDUDPHWHUVWRWKHRUWKRJRQDODUUD\
x &RQGXFWWKHH[SHULPHQWVEDVHGRQWKHDUUDQJHPHQWRIWKHRUWKRJRQDODUUD\
x 1RUPDOL]HWKHH[SHULPHQWUHVXOWVRI UHVXOWDQWPDFKLQLQJ IRUFHGHODPLQDWLRQDQGVXUIDFHURXJKQHVV
x 3HUIRUPWKHJUH\UHODWLRQDOJHQHUDWLQJDQGFDOFXODWHWKHJUH\UHODWLRQDOFRHIILFLHQW
x &DOFXODWHWKHJUH\UHODWLRQDOJUDGHE\ DYHUDJLQJWKHJUH\UHODWLRQDOFRHIILFLHQW
x $QDO\]HWKHH[SHULPHQWDOUHVXOWVXVLQJWKHJUH\UHODWLRQDOJUDGH
x 6HOHFWWKHRSWLPDOOHYHOVRIFXWWLQJSDUDPHWHUV
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)LJ6DPSOHJUDSKRIFXWWLQJIRUFHV
)LJ 6DPSOHURXJKQHVVSURILOH
'LIIHUHQW PHWKRGVDUHHPSOR\HGWRSUHSURFHVVJUH\GDWDGHSHQGLQJXSRQWKHTXDOLW\FKDUDFWHULVWLFVRIWKHRULJLQDO
GDWD7KHRULJLQDOUHIHUHQFHVHTXHQFHDQGSUHSURFHVVHGGDWDFRPSDUDELOLW\VHTXHQFHDUHUHSUHVHQWHGE\   [ N
DQG    L  PN  QL[ N   UHVSHFWLYHO\ZKHUHPLVWKHQXPEHURIH[SHULPHQWVDQGQLVWKHWRWDOQXPEHURI
REVHUYDWLRQV RI GDWD 'HSHQGLQJ XSRQ WKH TXDOLW\ FKDUDFWHULVWLFV WKH WKUHH PDLQ FDWHJRULHV IRU QRUPDOL]LQJ WKH
RULJLQDO VHTXHQFH DUH LGHQWLILHG DV IROORZV ,I WKH RULJLQDO VHTXHQFH GDWD KDV TXDOLW\ FKDUDFWHULVWLF DV µODUJHUWKH
EHWWHU¶WKHQWKHRULJLQDOGDWDLVSUHSURFHVVHGDVµODUJHUWKHEHVW¶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L[ N DQG PLQ
  L[ N DUH WKH PD[LPXP DQG PLQLPXP YDOXHV UHVSHFWLYHO\ RI WKH RULJLQDO VHTXHQFH
  L[ N &RPSDUDEOHVHTXHQFH
  L[ N LVWKHQRUPDOL]HGVHTXHQFHRIRULJLQDOGDWD
1H[WVWHSLVWKHFDOFXODWLRQRIGHYLDWLRQVHTXHQFH  ǻRL N IURPWKHUHIHUHQFHVHTXHQFHRISUHSURFHVVHVGDWD  L[ N
DQGWKHFRPSDUDELOLW\VHTXHQFH  L[ N 7KHJUH\UHODWLRQDOFRHIILFLHQW 6HH7DEOH  LVFDOFXODWHGIURPWKHGHYLDWLRQ
VHTXHQFHXVLQJWKHIROORZLQJUHODWLRQ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7KH JUH\ UHODWLRQDO JUDGH   R L[ [J UHSUHVHQWV WKH GHJUHH RI FRUUHODWLRQ EHWZHHQ WKH UHIHUHQFH DQG FRPSDUDELOLW\
VHTXHQFHV 7DEOH1R VKRZVWKHFDOFXODWHGJUH\UHODWLRQDOFRHIILFLHQW*5&DQGJUH\UHODWLRQDOJUDGH*5*7KH
YDOXHVRI*5&DQG*5*DUHFDOFXODWHGXVLQJHTXDWLRQV 	DERYH
7DEOH 7KHFDOFXODWHGJUH\UHODWLRQDOFRHIILFLHQWDQGJUH\UHODWLRQDOJUDGH
 5HVXOWV DQGGLVFXVVLRQ
6LQFHWKHJUH\UHODWLRQDOJUDGHVUHSUHVHQWHGWKHOHYHORIFRUUHODWLRQEHWZHHQWKHUHIHUHQFHDQGWKHFRPSDUDELOLW\
VHTXHQFHVWKHODUJHUJUH\UHODWLRQDOJUDGHPHDQV WKHFRPSDUDELOLW\VHTXHQFHH[KLELWVDVWURQJHUFRUUHODWLRQZLWKWKH
UHIHUHQFH VHTXHQFH ,W LV FOHDUO\ REVHUYHG IURP 7DEOH  WKDW WKH HGJH PLOOLQJ SDUDPHWHUV VHWWLQJ RI H[SHULPHQW
QXPEHUKDVWKHKLJKHVW*5*7KXVWKHWK H[SHULPHQWJLYHVWKHEHVWPXOWL SHUIRUPDQFHFKDUDFWHULVWLFVDPRQJ
WKHH[SHULPHQWV
([SW
1R
*UH\UHODWLRQDOFRHIILFLHQW *UH\UHODWLRQDOJUDGH 5DQN
7KUXVWIRUFH1 'HODPLQDWLRQ)DFWRU 6XUIDFH5RXJKQHVV
     
     
 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7DEOH  5HVSRQVHWDEOHIRU*5*
/HYHO /HYHO /HYHO 0D[0LQǻ 5DQN
$     
%     
&     
'     
7DEOH  LQGLFDWHVWKHUHVSRQVHWDEOHIRUJUH\UHODWLRQDOJUDGH7KLVLVREWDLQHGE\FDOFXODWLQJWKHDYHUDJHYDOXHRI
HDFK LQSXWPLOOLQJSDUDPHWHU SUHSURFHVVHGGDWDDW LWVFRUUHVSRQGLQJ OHYHO$VVHHQ IURPWKHUHVSRQVH WDEOH WKH
GLIIHUHQFHEHWZHHQWKHPD[LPXP DQGWKHPLQLPXPYDOXHRIWKH*5*RIWKHPLOOLQJSDUDPHWHUVLVDVIROORZ
IRUPLOOLQJVWUDWHJ\IRUVSLQGOHVSHHGIRUIHHGUDWHDQGIRUGHSWKRIFXW7KHPRVWVLJQLILFDQW
IDFWRUDIIHFWLQJPXOWLSOHSHUIRUPDQFHFKDUDFWHULVWLFVLVGHWHUPLQHGE\FRPSDULQJWKHVHYDOXHV7KLVFRPSDULVRQZLOO
SUHVHQWWKHOHYHORIVLJQLILFDQFHRIWKHFRQWUROODEOHIDFWRUVRYHUWKHPXOWLSOHSHUIRUPDQFHFKDUDFWHULVWLFV7KHPRVW
VLJQLILFDQWFRQWUROODEOH IDFWRU LV WKHPD[LPXPRI WKHVHYDOXHV+HUH WKHPD[LPXPYDOXHDPRQJ
	 LV 7KH YDOXH LQGLFDWHV WKDW WKHPLOOLQJ VWUDWHJ\ KDV WKH VWURQJHVW HIIHFW RQ WKHPXOWLSOH
SHUIRUPDQFHFKDUDFWHULVWLFVDPRQJWKHRWKHUPLOOLQJSDUDPHWHUV
7KHRSWLPDO OHYHO RI WKHPDFKLQLQJSDUDPHWHUV LV WKH OHYHOZLWK WKH JUHDWHVW*5*YDOXH%DVHGRQ WKH UHVXOWV
REWDLQHGWKHRSWLPDOSDUDPHWHUVDFKLHYHGDUHPLOOLQJVWUDWHJLHVDWOHYHOVSLQGOHVSHHGDWOHYHOIHHGUDWHDWOHYHO
DQGGHSWRIFXWDWOHYHOIRUDFKLHYLQJPLQLPXPGHODPLQDWLRQDQGEHWWHUVXUIDFHURXJKQHVV7KHRSWLPDOVROXWLRQ
$%&' IRXQGLQWKLVVWXG\LVRQO\WKHQHDURSWLPDOVROXWLRQ7KHRSWLPXPVHWWLQJDVSHU7DJXFKLUHVSRQVH7DEOH
 DUH $%&' 7KH HVWLPDWHG PHDQ RI WKH UHVSRQVH FKDUDFWHULVWLF *5* Ș FDQ EH FRPSXWHG E\ XVLQJ WKH
IROORZLQJHTXDWLRQV3KDGNH
         ' RSW $ % &K K K K K K        
:KHUH K  RYHUDOOPHDQRI*5*Ș $  DYHUDJHYDOXHRI*5*Ș DW VHFRQGOHYHO RIW\SHRIPLOOLQJ
  %  DYHUDJHYDOXHRI*5*ȘDW VHFRQGOHYHO RIVSLQGOHVSHHG & DYHUDJHYDOXHRI*5*Ș
IRUDWWKLUGOHYHORIIHHGUDWH DQG' DYHUDJHYDOXHRI*5*ȘIRUDWILUVWOHYHORIGHSWKRIFXW 
+HQFH RSWK  7KHUHIRUHWKHSUHGLFWHGYDOXHRI PHDQ*5* 
 &RQILUPDWLRQ WHVWV
7KHFRQILUPDWLRQH[SHULPHQWLVWKHILQDOVWHSLQYHULI\LQJWKHFRQFOXVLRQVGUDZQEDVHGRQ7DJXFKL¶VSDUDPHWHU
GHVLJQ DSSURDFK 7KH RSWLPXP FRQGLWLRQV DUH VHW IRU WKH IDFWRUV DQG D VHOHFWHG QXPEHU RI WHVWV DUH UXQ XQGHU
FRQVWDQW VSHFLILHG FRQGLWLRQV 7KH DYHUDJH RI WKH UHVXOWV RI WKH FRQILUPDWLRQ H[SHULPHQW LV FRPSDUHG ZLWK WKH
DQWLFLSDWHGDYHUDJHEDVHGRQWKHSDUDPHWHUVDQGOHYHOVWHVWHG7KHFRQILUPDWLRQH[SHULPHQWLVDFUXFLDOVWHSDQGLV
KLJKO\ UHFRPPHQGHG E\ 7DJXFKL WR YHULI\ WKH H[SHULPHQWDO FRQFOXVLRQV 5RVV  7KUHH FRQILUPDWLRQ
H[SHULPHQWV ZHUH WKXV FRQGXFWHG DW WKH RSWLPDO VHWWLQJV RI WKH PLOOLQJ SURFHVV SDUDPHWHUV UHFRPPHQGHG E\ WKH
LQYHVWLJDWLRQ7KHDYHUDJHYDOXHRI*5*ZKLOHPLOOLQJZRYHQIDEULFEDVHG*)53HSR[\FRPSRVLWHSODWHVZLWK3&'
FXWWLQJ WRRO ZDV IRXQG WR EH 7KLV YDOXH LV PRUH WKDQ WKH SUHGLFWHG YDOXH RI  +HQFH WKH RSWLPDO
VHWWLQJVRIWKHSURFHVVSDUDPHWHUVDVIRXQGE\LQYHVWLJDWLRQFRXOGEHLPSOHPHQWHG
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 &RQFOXVLRQV
)URPWKHDQDO\VHVRIUHVXOWVLQ PLOOLQJ RI 1(0$* *)53(FRPSRVLWHSODWHVXVLQJ7DJXFKL¶VPHWKRGZLWK
JUH\UHODWLRQDODQDO\VLVWKHIROORZLQJFDQEHFRQFOXGHG WKDWDUHZLWKLQWKHUDQJHRIWKHH[SHULPHQWV
y ,Q WKLV VWXG\*5$KDVEHHQGHYHORSHG WRZDUGVRSWLPL]LQJ UHVXOWDQWPDFKLQLQJ IRUFH VXUIDFH URXJKQHVV
DQGGHODPLQDWLRQ LQPDFKLQLQJJODVVILEHUUHLQIRUFHGHSR[\FRPSRVLWHV7KHEDVLFLGHDRI*5$LVWRILQGD
*5* ZKLFKFDQEHXVHGIRUWKHRSWLPL]DWLRQFRQYHUVLRQIURPDPXOWLREMHFWLYHFDVHWRDVLQJOHREMHFWLYH
FDVH*5*LVDOVRXVHGWRHVWLPDWHWKHSDUDPHWHUHIIHFWVRQWKHRYHUDOOSHUIRUPDQFHUHVSRQVH%\WKLVZD\
DPXOWLUHVSRQVHRSWLPL]DWLRQSUREOHPKDVEHHQFRQYHUWHG WRDQHTXLYDOHQW VLQJOHREMHFWLYHRSWLPL]DWLRQ
SUREOHPZKLFKKDVEHHQIXUWKHUVROYHGE\7DJXFKLSKLORVRSK\
y )URPWKHUHVSRQVHWDEOHRIWKHDYHUDJH*5*LWLVIRXQGWKDWWKHODUJHVWYDOXHRIWKH*5*LVIRU XSPLOOLQJ
VSLQGOHVSHHGLVRIUSPIHHGUDWHRI PPPLQ DQGGHSWKRIFXWPP$%&'
y 0LOOLQJVWUDWHJ\DQGIHHGUDWHKDVWKHPRVWGRPLQDQW UROHLQLQIOXHQFLQJWKHVXUIDFHURXJKQHVVDVZHOODV
GHODPLQDWLRQ
y $PLQLPXPYDOXHRIVXUIDFHURXJKQHVVKDVEHHQREWDLQHGIRUXSPLOOLQJDUHD
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQNWKH 'U %DEDVDKHE$PEHGNDU7HFKQRORJ\8QLYHUVLW\%$78/RQHUH 0DKDUDVKWUD
DQG ,QVWLWXWHIRU'HVLJQRI(OHFUWLFDO0HDVXULQJ,QVWUXPHQWV,'(0,&KXQDEKDWWL6LRQ 0XPEDLIRU WKHSHUPLVVLRQ
DQGVXSSRUWGXULQJ WKHH[SHULPHQWDOZRUN
5HIHUHQFHV
$]PL$, /LQ5-7DQG%KDWWDFKDU\\D'³0DFKLQDELOLW\VWXG\RIJODVV ¿EUHUHLQIRUFHGSRO\PHUFRPSRVLWHVGXULQJHQGPLOOLQJ´ ,QW-
$GY0DQXI7HFKQRO±
%DODPXJXQGDQ % / .DUWKLNH\DQ DQG 96 6HQWKLONXPDU  ³0XOWL FKDUDFWHULVWLFV RSWLPL]DWLRQ GXULQJPLOOLQJ RI IULFWLRQ VWLU SURFHVVHG
*)53FRPSRVLWHV´ 3URFHGLD(QJLQHHULQJ  
'HQJ-/  ³,QWURGXFWLRQWR*UH\V\VWHP´-RXUQDORI*UH\6\VWHP±
'DYLP-35HLV3$QWRQLR&& $VWXG\RQPLOOLQJRIJODVVILEHUUHLQIRUFHGSODVWLFVPDQXIDFWXUHGE\KDQGOD\XSXVLQJVWDWLVWLFDODQDO\VLV
$129$&RPSRV6WUXFW±±
0DGKDY63KDGNH ³4XDOLW\(QJLQHHULQJ8VLQJ5REXVW'HVLJQ´3753UHQWLFH+DOO1HZ-HUVH\
+XDQJ -7DQG /LQ -/  ³2SWLPL]DWLRQ RI0DFKLQLQJ 3DUDPHWHUV 6HWWLQJ RI 'LHVLQNLQJ ('0 3URFHVV %DVHG RQ WKH *UH\ 5HODWLRQDO
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